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Th!s: inventi.on relatesç to. voltage control sys- 
tems- and more particularly to an arrangement 
fo maintaining the output voltage of an elec- 
tronic translating system substantially constant 
even thoughthe supply voltage varies over a rel- 
atively wide range. 
Whére direct current.motors are energized from 
electronic rectifYing apparatus such as. ignitron 
tube, for example, it is desirable to avoid fiuc- 
tuations in the voltage supplied by the electronic 
translating apparatus even though the voltage or 
frequency of the alternating, cm'rent circuits as- 
sociated with the electronic equipment is sub- 
ject to substantial variations, 
Electronic valves of the ignitron type. having 
an anode, a controi grid, a-holding anode and-a 
mercury po01 cathode-enclosed in an envelope 
utilize an:.ignitor element immersed in the mer- 
cury, pool to establish a cathode spot within the 
valve when a current is supplied through the 
ignit0r element, it is well known that the output 
of such Valves can be controlled by either con« 
trolling the energization of the control grid or by 
controlling he phase angle-of the energization of 
theignit6r firing circuit relative to the cathode- 
anode voltage of the valve. 
In known rectifying equipment, utilizing igni- 
trons it has been the practice to control the phase 
angle of the ignitor circuitby sitable phase con- 
trol meansenergized from an alternating curren 
source. Because such phase shifting control 
means as well as. the- ignitor firing circuit- itself 
are inherently sensitive to fiuctuations in the al« 
ternating current supply voltage and hence tend 
fo, produce unreliable operating, characteristics of 
the valves it has been the practice to use a rela- 
tively exPensive constantvoltage transfmmer fo 
maintaininga sub,stantially constant voltage sup« 
ply to the.phase control m-eans even though the 
VoÏtage. of. the. alternsting current source, might 
vay considerably. 
A principal object-of the.invention is fo proi 
vide an improved voltage regulating system for 
electronic,translating apparatus. 
Another object of-the invention is to provide 
an improed, control- arrangement for electronic 
tçansla£ing equipment wherein variations, in the 
supply voltage, are uti!ized:to aid-in controtling- 
the output, v01tage, 
Stfll- another object of the. invention is to pro- 
vide an iproved, contr01 arrangement for elec- 
trqniç tran_slating, eqiPmn_t wh'ein,:.var_ia0.n..s 
in; the supply frequency are uti!iz_ed, to ai d. in, 
controlli.ng the: outPut: v01tage 
A furthe r object. Of the, ivetion- is- the pro- 
vision, of- an impr0ved PhaSe controt sysem for 
controlling  control element, of an electronic 
valve. ithout the necessity for using a. relatyely 
expensi, ve constant-voltage tras0rmer.. 
Accor¢!ing: to the ivento the phase a-ngle o, 
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an ignitor flring, circuit for an ignitron tube 
controlled- by an amplistat or magnetic amplifier 
circuit having main windings and a biasing wind- 
ing energized directly from a source of a!ernat 
5 ing current voltage which voltage is subject to 
variations. A feedback winding for the ampli- 
star is responsive to the output voltage of the 
system and control of-the circuit is obtained by 
means fo a control winding for the amplistat 
10 ranged to be energized by an adjustable but rela- 
tively stable current source. Thus, when 
sired 'adjustment of the output voltage is estab- 
lished through the agency of the control winding 
such voltage is maintained substantially con- 
l stand, through the action of the feedback, biasr 
ing and control windings which together produce 
a magnetizing action sufficient to tender theam- 
plistat, effective in automatically controlling the 
phase of the ignitor circuit and thereby to main« 
2O tain the output voltage of the valve subsequently 
constant even though the supply voltage, may 
change. 
For a better understanding of the invention 
reference may be had to the accompanying draw- 
z5 ings in which Fig. 1 is a schematic representa- 
tion of translating apparatus of the electronic 
type in which my invention is embodied; Fig. 2 is 
a family of, curves to aidin understanding.s.0me 
of  the principles of the invention; and Fig. 3 
0 is a schematic representation of a modification 
of Fig. 1 
Whfle the arrangement shown in Fig. 1 and to 
be described hereinafter is a rectifying system, 
it will be understood that the invention, is: also 
5 applicable to an inverter system as will be 
plained. 
With refmence to Fig. 1 the altm:nating cur- 
rent circuit comprising conductors . and 2 sup-. 
plied energy to be rectifled and fed to the direct 
o current: circuit comprising conductors 
Energy from. the alternating current circuit is 
supplied through circuit breakers 5 and.  and 
transformer  to ignitron tubes 8 and 9. Each of 
the tubes  and S is provided with a control grid 
45 0, a tolding anode  , a cathode 2 comprising 
a mercury peel, and.an ignitor element  $. Valves 
 and 9 are arranged fo conduct alternate hall, 
cycles of alternating current energy supplied-from 
the-alternatpg current circuit, 
5O Ignitors $. are energized through the. fiing 
circuit- c0mprising transîoçmer !  energized from 
the a!ternating current source which in turn en-, 
ergizes the ignitor, coupling transformer ICT 
which in turn supplies current through unidi- 
55 rectionat conducting device. -I. to the. 
nitor 0f tube S and through unidirectional con- 
ducting device FMR-2 to the ignitor of tube 
As is well known acharge supplied through linear 
reactor OE acc, umulates on flring capacitor 
60 and:subsequently is discharged through flring:re. 
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actor FL into the primary winding of trans- 
former ICT. Phase shift is accomplished in 
part by the action of phase shifting reactor CL 
and phase shifting capacitor PC in a manner we!l 
known in the art. Controllable phase shifting is 
accomplished by phase shifting device 15 having 
a main winding I$ and a control winding 17. As 
is well known vsa'iations in the flow of current 
through winding 7 wfll effect a shfft in phase in 
the current supplied to ignitor elements 13. 
For controlling the fiow of current through 
winding 17 the amplistat or magnetic amplifier 
general!y designated by the numeral f$ is used. 
Amplistat 18 comprises a main winding 19 and 
another main winding 20. Ordinariiy the wind- 
ings 19 and 20 would be respectively wound on 
rhin individual magnetic cotes which for con- 
venience could be provided with a common sup- 
porting means. Unidirectional conducting de- 
vices 2 and 22 are associated with main wind- 
ing 19 while unidirectional conducting devices 
23 and 24 are associated with main winding 28. 
Devices 21--24 preferab!y should be selenium 
type rectifiers. Energy is supplied to the ampli- 
star from the alternating current circuit through 
conductors 25 and 26 and output from the ampli- 
star is supplied fo winding 17 through conductors 
27 and 28 and resistor 29. Thus when conductor 
2 for example is positive, current wilI fiow tl'ough 
conductor -$ downwardly in main winding 2 
through conductor 27, winding I, device 22 and 
conductor 26 to conductor I. Vhen conductor 
I is positive current flows through conductor 2, 
device 24, conductor 27, resistor 29 winding I 
upwardly through winding ! 9. device , !, and con 
ductor 25 to conductor 2. 
As i well luown the manetic condition o!" 
degree of saturation of the iron of amplistat  
determines the impedance of the amplistat and 
hence determines the magnitude of current fiow 
tl,ough control winding 17. 
For the purpose of controlling the degree of 
magnetization of the amplistat 18 at least to some 
extent, a winding such as $ is used. Winding 
3 is a control winding magnetically coupled with 
both the main windings 19 and 20 and energized 
through adjustable device I, rectifiers 2, and 
constant voltage transformer CVT from the 
source of alternating current. Since the trans- 
former CVT supplies constant voltage irrespective 
of whether the voltage of the alternating current 
supply varies, the value of the current ! which 
fiows through winding 3 is determined by the 
adjustment of the device 31, Hence device 3 
and control winding 3 comprises a means foi" 
establishing an operating range for the device. 
In Fig. 2 the magnetizing effect of the current 
Icis represented by the horizontal vector labe]ed 
Ic. Ordinarily the direction of flow of the cur- 
rent Ic would be such that the magnetizing effect 
of this current would aid the magnetizing effect 
of the current fiowing through main windings 
19 and 2 of the amplistat I. 
For the purpose of rendeïing the amp!istat 
 responsive fo changes in voltage of the aiter- 
natin current circuit a biasin winding .3 is 
used, Winding 3 is magnetically coupled with 
main windings  and 2 and is energized through 
adjustable device $4, rectifiers 35 and trans- 
former BT which in turn is energized from the 
alternating current source. Thus changes in the 
voltage of the alternating current source will 
result in changes in the current fiowing fo the 
winding 3 since transformer ]T is nota con- 
stant voltage device as in known arrangements. 
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Ordinarfly the winding 33 would be arranged so 
that the flow of the current I therethrough 
would exert a biasing action which wou]d be op- 
posed fo the biasing action of the current flow- 
 ing through control winding  and the main 
windings I and 2. In Fig. 2 the magnetizing 
effect of this biasin current is represented by 
the vector I. 
In order that the amplistat  wfll be respon- 
I0 sire to voltage changes in the direct current out- 
put circuit comprising the conductors $ and 
a feedback winding 36 of amplistat  is 
nected in series with a suitable resistor  so a 
tobe energized by the voltage appearing across 
15 the direct current output circuit. Feedback 
winding $, Iike control winding 30 and bis.sin 
winding , is magnetically coupled with main 
windings [ and 20. Normally, the magnetiz- 
ing effect of the feedback current I in the wind 
20 ing 3 wou]d be such as to aid the magnetizing 
effect of the biasing winding . and to oppose the 
magnetizing effect of the control winding . 
In Fig. 2 the magnetomotive force due to the 
current I is represented by the vector labeled 
25 I. Thus the feedback winding 3 and the bias- 
ing winding 3S tend to demagnetize the iron of 
the amplistat 15 when a voltage in excess of the 
desired value occurs on the atternating and di- 
rect current circuits. 
30 In Fig. 2 the per cent output voltage of the 
rectifier circuit is plotted against the net ampere 
turns resu!ting from the magnetizing effect of the 
currents I, !c, and I. This value of net a.mpere 
turns is the value for a normal or 100% vahc 
35 of voltage of the alternating current circuit com- 
prising conductors  and 2. Cïve A of Fi. 2 
is representative of the voltage conditions for 
]_ormaI operation. Curve B is representative of 
some value of voltage of the alternating current. 
0 circuit less than the normal value such as 
while curve C is representative of s. voltage condi- 
tion of the alternating current circuit in 
of the normal voltage value such as 110%. Iu 
Fig. 2 the vertical dotted lines indicate the 
4 nitude of the bias due fo the current I for 
values of the alternating current voltage. 
The three curves of Fig. 2 represent three 
voltage conditions in the alternating current cir- 
cuit. Voltage changes in the alternating current 
50 circuit effect changes in the characteristics of 
the flring circuit, in the characteristic of the 
amplistat, and in the characteristics of the plis.se 
shifting circuit comprising device I, reactor CL, 
and capacitor PC. Thus, a reduction in the 
55 alternating current voltage from ifs normal 100% 
value fo ifs 85% value for example, effects 
changes in the characteristic shown in Fig. 2 fo 
the extent of changing the characteristic from 
that represented by curve A to that represented 
60 by curve B. Such a reduced voltage would re- 
sult in a reduction in the magnitude of the bias 
current I. Since a reduction in the alternating 
current voltage would also result in some reduc- 
tion at least momentarily in the direct current 
65 voltage, the value of the feedback current I 
will also be reduced. Since the value of the 
control current Ic remains unchanged the net 
ampere turns will be reduced. Such a reduction 
in the magnetomotive force applied fo the ampli- 
70 star due fo a reduction of the biasing and ïeed- 
back currents wilI tend to decrease ifs impedance 
and in turn to increase the magnitude of the 
current flowing through the winding 17 since 
the control current is unchanged. An increased 
75 current through the winding 17 will bave the 
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effect of advancing the flrtng point of the 
nitors 3 so as to increase the voltage of the di- 
rect current output circuit comprising conduc- 
tors 3 and 4. Thus by the invention it will be 
seen that a large relatively expensive constant 
.voltage transformer is hot needed for the pur- 
pose of energizing the main windings 19 and 
of the 'amplistat 18 nor is such a transformer 
needed for the purpose of energizing a biasing 
winding such as 33. By the invention itis pos- 
sible to eneïgize the min windings of the ampli- 
star 18 directly from the alternating current cir* 
cuit, Furtheïmore the relatively inexpensive 
biasing transformer BT can be used and the 
variations in voltage produced thereby .can be 
effectively utilized to aid in proper vola2e con- 
trol. 
If will be understood that the arrangement 
comprising the invention is also applicable fo an 
arrangement such as that showoE in Fig. 1 when 
operated as an inverteï. 
The arrangement ah'eady described can 
ruade frequency responsive by meïely substitut- 
in the circuit shown in Fig. 3 for that portiooE of 
Fig. 1 enclosed by dotted lines. "vVith reference 
to Fig. 3, a resistor P,, a capacitor C and a 
actor L are connected across the transformer BT. 
lectifier 3 is energized from the frequency re- 
sponsive circuit comprising P, L, and C through 
a transformer FT. Suitable consants would be 
chosen for 1, L, and Cto accomplish the de 
sired control of amplistat . For certain ap- 
plications if might be possible to dispense with 
transformer FT and to eneïgize rectifiers  di- 
rectly from a portion of the frequency respon 
sive circuit comprising IL and C. Of course it 
might be desirable to use voltage responsive as 
well as frequency responsive means in a par 
ttcular application of the invention. 
It will be apparent to those skil!ed in the art 
that the invention is hot limited to the particu- 
lar arrangement shown and described but that 
changes and modifications may be ruade with- 
out departing from the spirit and scope of the 
invention and itis intended that the appended 
claires will cover ail such changes and modifica 
tions. 
What we claire as new and desire to secure by 
Letters Patent of the United States is: 
1. In combination, an alternating current cir- 
cuit, a direct current circuit, electric valve means 
having an anode, a cathode, an.d a contro! mem 
ber interposed between said circuits, control 
means for energizing said cotrol member so as 
to tender said valve means conductive periodi 
calty, phase shifting means inclding a direct 
current control winding for varying the phase 
angle of the energization of said control mem 
ber relative to the voltage of said anode and said 
cathode, amplistat msans having main windings 
energized from a source of atternating current 
voltage and arranged in series with unidirec- 
tional conducting devices to supply direct current 
to said direct current control winding of said 
phase shifting means, a control winding for said 
amplistat, adjustable means for energizing said 
control winding with predetermined polarity, a 
biasing winding for said amplistat, means for 
energizing said biasing winding from one of said 
circuits so that the biasing effect thereof is 
pendent upon the voltage of said circuit, and a 
feedback winding on said amplistat energized in 
accordance with the voltage of the other of said 
circuits. 
.. In combination, an alternating current cir- 

cuit, a direct current circuit, electric valve mean 
having an anode, a cathode, and a control ruera- 
ber interposed between said circuits, a control 
circuit for energizing said control member so as 
 to render said valve means conductive periodi- 
callF, phase shifting means including a direct 
current control winding for varFing the phase 
angle of the energization of said control circuit 
relative to the voltage of said anode and cathode, 
lO amplistat means having main windings ener- 
gized from a source of alternating current volt- 
ag and arranged in series with unidirectional 
conducting devices to supply direct current to 
said direct current control winding of said phase 
15 shifting means, a control winding for said ampli- 
star, adjustable means foï energizing said con- 
trol winding with pïedetermined polarity, a bias- 
in winding for said amplistat, means for ener- 
gizing said biasing winding from said alternat- 
20 ing curïent circuit so that the biasing effect 
thereof is dependent upon a predetermined elec- 
trical quantity of said alteïnating curïent cir- 
cuit, and a feedback winding on said amplistt 
energized in accoïdance with the voltage of said 
5 direct current circuit, the magnetizing action of 
aid biasing winding and said feedback winding 
being in opposition to the biasing action of said 
control winding. 
3. In combination, an alternating current suP- 
;ply circuit, a direct current lOad circuit, electric 
voE1ve means having an anode, a cathode, and a 
control member interposed between said circuits, 
a control circuit for eneïgizing said control mem- 
ber so as to render said w2ve means conductive 
;ó periodically, phase shifting means including 
rec curïent contro! winding for varying the phase 
OEugle of the energization of said control member 
relative fo the voltage of said anode and cathode, 
amp]ist.at means having main windings energized 
«0 from a source of atternating current voltage and 
arranged in series with unidirectional conducting 
devices to sup.]y direct current to said direct- 
curren control winding of said phase shifting 
,:îeans, a control winding for said amplistat, 
5 juatable means ïor energizing said control wind- 
ing with predetermined polarity, a biasing wind- 
ing for said anplists.t, means for energizing said 
biasing winding from said supply circuit so that 
he biasing eiïect thereof is dependent upon a pïe- 
determined electrical quantity of said supply cir- 
' cuit, a.nd a fee6back wnding on said amplistat en- 
ergized in acordance with the voltage of said 
ioad circuit. 
4. In combination, n alternating current sup- 
 pl circuit, a direct current load circuit, electric 
valve means having an anode, a cathode, and a 
control member inerposed between said circuits, 
a control ch'cuit for energizn said control ruera- 
ber so as to tender said valve means conductive 
0 periodicai!y, phase shifing mean including a di- 
rect current con.rot winding for varying the phase 
angle of the energizatio] of said control member 
relative to the vo!tae of said anode and cathode, 
amplistat neans havfl]g main windings energized 
5 from a source of alternatin current voltage and 
arraned in series with unidirectional conducting 
devices to supply direct current fo said direct 
current control winding of said phase shifting 
means, a control winding for said amplistat, 
ïo justable mea.ns for energizing said control wind- 
in with predetermined polarity, a biasing wind- 
ing for said amplistat, means for energizing said 
biasing winding from said supply circuit so that 
the biasing effect thereof is dependent upon the 
75 voltage of said supply circuit, and a feedback 
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winding on said amplistat energized in accord- 
ance with the voltage of said load circuit. 
.5. In combination, an alternating current sup- 
ply circuit, a direct cuïïent load circuit, electric 
valve means having an anode, a cathode, and a 
controI member interposed between said circuits, 
a controI circuit for energizing said controI mem- 
beï as to tender said valve means conductive pe- 
riodically, phase shifting means including a di- 
rect curïent controt winding for varying the phase 
angle of the energization of said controI more- 
ber relative to the voltage of said anode and cath- 
ode, amplistat means having main windings en- 
erized from a source of altmïating current volt- 
e, ge and arraned in series with unidirectionaI 
¢onducting devices to supply direct current to said 
direct current control winding of said phase shift- 
ing means, a coï%rol winding foi" said amplistat, 
aSjustable means for energizin said control 
windin wit.h predetermined polarity, a biasing 
winding for said amplistat, means for energizing 
said biasing windin from said supp]y circuit so 
that the biasin effect thereof is dependent upon 
the frequency of said upply circuit, and a feed- 
back windin on said amplistat enerized in ac- 
eoïdance with the voltage of said Ioad circuit. 
6. n combination, an alternating current sup- 
ply circuit, a direct current load circuit, e!ectric 
valve means having an anode, a cathode and a 
.controI member inerposed between said circuits, 
a control circuit for enerizing said control ruera- 
ber so as to routier said valve means conductive 
periodica.Ily, phae shifting means inciudin a 
direct current contïol windin for varyin the 
an!e between the rime of enerization of said 
contro! circuit relative fo the voltage of said 
aode and ca.thode, amplistat means having main 
windings enerized from said alteratin current 
upply circuit and aïranged in series with uni- 
directional conductin dev!ces to suppiy direct 
current to said diïeet current controt winding of 
said phase shifti mean, a control winding foi" 
said s.mplistat, adjustable means for energizing 
said contïol winding with predetermined polari- 
ty, a biasing winding for said amplistat, means 
for enerizin i biasin windin from said sup- 
ply circuit so that the biasin effect thereof 
dependent upon tle voltage of said supply circuit, 
and a feedback winding on said amptistat ener- 
ized in accordanee with the voltage of sid !oad 
ircuit, the magntizin action of said controI 
winding being effective fo aid the ranetizing 
ac,ion of the circuit .hrough said main wind- 
7. In combiner!on, an alternatin current sup- 
ply circuit, a direct current load circuit, electric 
valve means havig an anode, a nercury pool 
cat.hode and an initor interpoed between said 
circuits, a control circuit for eneïizing aid 
nitor, phase shifting means includin a direct 
current control windin for controlling the 
erization of said controI circuit relative to the 
voltage of said anode and cathode, amplistat 
means havinç main windings enerized from a 
source of alternating current voltage and con- 
nected in series with rectifying means fo supply 
direct current o said direct current control wind- 
in of said phase shifting means, a controI wind- 
in for sa.id amplistat, adjustable means for en- 
ergizing said controI winding with a predeter- 
mined value of controI current, a biasing winding 
for said amplistat, means for energizin said bias- 
ing winding from said supply circuit so that the 
biasing effect thereof is dependent upon the volt- 
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ae of said supply circuit, and a feedback winding 
on said ampIistat energized in accordance with 
the voltage of said load circuit. 
8. In combination, an aIternating current sup- 
5 pIy circuit, a direct current Ioad circuit, electric 
valve means having an anode, a cathode and a 
control member interposed between said circzfits, 
a control circuit foi peliodicaIIy energizing said 
control member, phase shiftin means including 
IO a direct current controI winding for varying the 
periodic energization of said control circuit rela- 
tive to the voltage of said anode and cathode, am- 
pIistat means having main windings energized 
from a source of aIternating current voltage and 
15 arranged in series with unidirectional conductin 
devices to suppIy direct current te said direct cur- 
rent control windinz of said phase shifting means, 
a control winding foi" said ampIistat, adjustable 
means for energizing said contïoI winding with a 
0 predetermined value of direct current, a biasing 
windinz foi" said ampIistat, transformer and rec- 
tifyin means for energizing said biasing windinz 
with direct current from said supply circuit so 
that the biasing effect thereof is dependent upon 
25 the voltage of said supp]y circuit, and a feedback 
windin on ssid amplistat energized in accord- 
ance with the voltage of said load circuit. 
9. in combination, an aIçernating current sup- 
ply circuit, a direct current load circuit, eIectric 
z0 valve means having an anode, a cathode and a 
conrol member interposed between said circui, 
a control circuit for enerizin said contro] mem- 
ber, phsse shifting means incIuding a rect cur- 
rent control windin foi- varyin the energiza 
35 tion oî said controI circuit relative to the voIta[e 
of said anode and cathode, amplistat means hav- 
ing main windings connected in series with recti- 
fying means and energized from a source of alter« 
nati,3 current voltage foi" supp!yin direct cur- 
4o rent to said direct current controI winding of said 
phase shifting means, said main windings bein 
connected te conduct aIternate half cycles of cur- 
rent from said source, a controI windinz for said 
ampIistat, adjustabIe means for energizing said 
4. control windin with a predetermined value of 
control current, a biasing winding for said ampIi- 
star, mean for enerizin said biasinz windin 
fïom sa.id supply circuit so that the biasing effect 
theïeof is dependent upon the voltage of said sup- 
:.0 PY cri'cuit, means for adjustin the biasing 
tion of said biasJn winding, and a feedback 
winding on said amplistat energized in accord- 
ance with the voltae of said Ioad circuit, the 
magnetizin action of said feedback and biasin[. 
55 windins being in opposition to the magnetizing 
action of said control winding and said main 
windins. 
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